INTRODUCTION
The biological aerated filter (BAF) process is a biofilter technology for organic carbon removal and nitrification of primary and secondary wastewater [1] . This technology is based on the principle of biofiltration through a submerged granular medium that serves two purposes: biological conversion of organic matter by the biomass attached to the large support medium surface and physical retention of suspended particles by filtration through the deep filter bed. BAF offers a small footprint alternative to conventional oxic process and it can be operated at high loadings of biochemical oxygen demand (BOD) as compared with trickling filters and activated sludge processes. In a single unit operation of BAF, carbonaceous BOD removal, solids filtration and nitrification can be achieved. Because of its superior own conditions, BAF has become the preferred treatment of many kinds of wastewater all over the world [2, 3] .
The main limitation of this technology is the increase in head loss during the operation as a result of solids accumulation within the filter [4, 5] . This obliges periodic backwashing in order to maintain the head loss to a minimum. So, large amounts of sludge are produced in the backwashing process. The main composition of the backwash sludge is biofilm detachment from medium and SS being entrapment [6] . A number of papers that probed the adsorption of ammonium in soil, sediment systems and even active sludge have been published recently, but the study of adsorption of ammonium in biofilm is infrequent. And BAF is a process what produce a large of biofilms and the biofilms are produced intensively in backwash. The objective of this paper is to investigate the adsorption of ammonium of the backwashed sludge utilized in domestic wastewater in order to carry out a novel technology for backwashed sludge disposal and utilization.
II. METHODS AND MATERIALS

A. Backwashing sludge sample
Backwashed sludge samples were collected in our laboratory from the pre-denitrifying BAF reactors, consisting of two 15 cm (inner diameter) ×150 cm (height) synthetic glass columns. (The flow sheet of the pilot plant was shown in figure1.) There were two kinds of samples to be got. One was got in the first column, the denitrifying filter (DN filter); the other was got in the second column, the biological aerated filter (BAF filter). The synthetic glass column was filled with support medium to form a submerged bed 100cm thick. (The physical properties of the medium were shown in table 1.) The BAF reactors were fed with municipal wastewater which after primary treatment in Malanhe Wastewater Treatment Plant (second stage) Dalian, China. The characteristics of domestic wastewater are shown in Table 2 . The wastewater was treated in an upflow mode. Parameters used in this experiment were as follows: hydraulic retention time (HRT) 1h, air velocity 3.5 L/h and wastewater velocity 0.35 L/h. A backwashing procedure was followed of gas for 2 min, gas and water 8 min at the same time, and water 5 min in the end with a backwashing rate of 10 L/(m 2 .s) of both gas and water.
B. Test methods
The jar tests of backwashed sludge adsorption of ammonium in municipal wastewater were undertaken at ambient temperature of 25℃. Effects of important influence factors such as sludge content, activity and with or without chemical coagulants were investigated. A DBJ-621 magnetic stirrer was used to mix the sludge and wastewater in a one-litre beaker following the procedure of 5min low speed (50 rpm) stirring and then 60 min sedimentation. All samples in the experiments were measured according to standard methods [7] .
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III. RESULTS AND DISCUSSION
A. Adsorption of ammonium test
Two kinds of backwashed sludge were extracted to mix with feed water respectively. The DN filter backwashed sludge concentration was 4000mg/L after concentrating by precipitation for about 10min and discharging supernatant and BAF filter is about 3500mg/L. Then both kinds of backwashed sludge were thinned to the concentration of 0, 500, 1000, 1500 ，2000，2500，3000mg/L respectively by backwash water. Raw water and different concentrations of backwashed sludge were mixed in 4:1. The result was shown in figure2. Obviously the backwashed sludge in BAF filter adsorbed more ammonium than that in DN filter in the same concentration of the sludge, indicating that the aerobic biofilm had preferable biological adsorption ability. Beyond that, the figure also showed that the adsorbed amount of ammonium increased along with the increment of backwashed sludge concentration, however, the increment speed was not content the linearity relation.
B. Effect of activity on the adsorption ability
The backwashed sludge had the ability of adsorption of ammonium but we did not know how the adsorption ability was fed, the metabolism of microorganism or the existing structure of backwashed sludge. The objective of this research was to investigate that. The backwashed sludge was sterilized in electric sterilizer. Then compare the adsorption ability between the raw sludge and sludge sterilized, in other words, the live sludge and the dead sludge. slud g e orig in al slud g e ste rilized Fig.4 The adsorbed amount contrast between sludge sterilized and original in BAF filter
As shown in Fig.3 and Fig.4 , there was no significant difference in the effect of adsorption of ammonium between the sludge sterilized and the sludge original both in DN filter and BAF filter. The sludge sterilized was dead sludge, microbial metabolic activity had stopped, the adsorption was generated by its existing structure of backwashed sludge, was a physical effect process but not a biological process.
C. Effect of chemical coagulants on the adsorption ability
If we wanted to utilize the adsorption characteristic to reduce the ammonium in the wastewater, the practical way was returned the backwashed sludge to pretreatment process before filter process which the flocculation precipitation reaction and phosphorus removal occurred in. So the objective of this research was to investigate the effect of chemical coagulants on the adsorption ability of backwashed sludge. Because of the incapability of phosphorus removal in a BAF process, it is necessary to choose suitable metal salt coagulants to eliminate phosphorus before the biological filtration process. Based on this situation, the technological and economic characteristics of FeCl 3 and Al 2 (SO 4 ) 3 coagulants were suitable.
The effect of FeCl 3 coagulant on the adsorption ability was shown in Fig.5 and the effect of Al 2 (SO 4 ) 3 coagulant on the adsorption ability was shown in Fig.6 . The adsorption ability was studied when the FeCl 3 and Al 2 (SO 4 ) 3 coagulant adding dosages were 5mg/L, 10mg/L, 15mg/L, 20mg/L and 25mg/L, respectively, under the circumstance that the sludge concentrations were 500mg/L and 3000mg/L for backwashed sludge both in DN filter and BAF filter. Raw water and different concentrations of backwashed sludge were also mixed in 4:1. As shown in Fig.5 , adding the FeCl 3 coagulant had little impact to adsorption ability when the sludge concentration was 500mg/L. When the sludge concentration was 3000mg/L, adding the FeCl 3 coagulant made the adsorption ability a little decreased and the more coagulant was added the more influenced was graveness. As shown in Fig.6 , adding Al 2 (SO 4 ) 3 coagulant presented a similar effect, the only difference was Al 2 (SO 4 ) 3 had a little more influence to adsorption ability. In brief, the results in Fig.5 and Fig.6 showed that coagulant had almost nothing impact to backwashed sludge for the adsorption ability of ammonium in light sludge concentration and a little impact in high concentration for both the two coagulants.
The reason may be that the coagulant enhanced the flocculation of the backwashed sludge, made the residence time of backwashed sludge shorter in wastewater. This effect was not obvious when the sludge concentration was light and when the sludge concentration became a lot high, this effect would be more obvious. It stood to reason that the change of residence time influenced the adsorbed amount of backwashed sludge. This could also explain the Al 2 (SO 4 ) 3 coagulant had a little more influence to adsorption ability than FeCl 3 coagulant, namely, aluminum salt showed superior flocculation than iron did salt.
IV. CONCLUSION
Ammonium adsorbed to backwashed sludge produced by denitrifying filter (DN filter) and the biologically aerated filter (BAF filter), which could be used to reduce the ammonium in the wastewater by returning the backwashed sludge to pretreatment process. In this paper a study on the adsorption of ammonium characteristics of the backwashed sludge and some of its influence factor such as sludge concentration, sludge activity and effect of chemical coagulants were carried out by a bench-scale experiment. The experimental results indicated that the backwashed sludge in BAF filter adsorbed more ammonium than that in DN filter in the same concentration of the sludge, indicating that the aerobic biofilm had preferable biological adsorption ability. Moreover, it was observed that the sludge sterilized and the sludge original had similar adsorption performance, what meant that the adsorption was generated by its existing structure of backwashed sludge, was a physical effect process but not a biological process. The impact of chemical coagulants on the adsorption ability of backwashed sludge was that coagulant had almost nothing impact to backwashed sludge for the adsorption ability of ammonium in light sludge concentration and a little impact in high concentration for both FeCl 3 coagulant and Al 2 (SO 4 ) 3 coagulant. Adsorption of ammonium should be applied to pretreatment process before biological filter process to reduce the ammonium and total nitrogen. This attempt will increase the contamination removal efficiency of BAF systems and no new pollutants be brought.
